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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2014-
055009 filed on Mar. 18, 2014 including the specification,
drawings and abstract 1s incorporated herein by reference 1n
its entirety.

The present invention relates to a semiconductor device,
and more particularly, to a semiconductor device 1n which a
plurality of semiconductor chips 1s mounted.

BACKGROUND

As a key technology for realizing reductions in size,
weight, and thickness of electronic devices, various packag-
ing technologies have so far been developed for semiconduc-
tor devices, 1n order to realize the high-density packaging of
the semiconductor chips.

As a technology for the packaging structure of the semi-
conductor devices and for reducing the area necessary for
packaging onto the motherboard, there 1s a pin 1insertion type
package, such as DIP (Dual Inline Package). There have been
developed a surface mount package (SOP (Small Outline
Package)), with outer leads and also a package (BGA (Ball
Grid Array)), in which outer output terminals are arranged 1n
matrix on the lower surface of package.

As a technology for realizing the high-density packaging
by reducing the area ratio of the package to the semiconductor
chips, there have been made some attempts, such as narrow
pitching of the outer output terminals by the minuteness of the
substrate wiring and also reduction of the package size.

Further, there have been developed technologies, such as a
multi-chip package and a chip-stacked package. In the multi-
chip package, a plurality of semiconductor chips are gathered
and packed 1n a single package. The chip-stacked package, as
one kind of multi-chip package, has a plurality of semicon-
ductor chips stacked therein for realizing the further high-
density packaging. Of the multi-chip packages, a System In
Package (SIP) has been developed, as one system which has
realized the systematization by enclosing the plurality of
semiconductor chips having different functions in a single
package.

In this SIP technology, 1t 1s necessary to shape the wiring
coupling between the chips for the reduction of the package,
and there has been proposed a system for coupling the wiring
using a relay member, to be called a silicon interposer (U.S.
Pat. No. 4,615,189 and Japanese Unexamined Patent Publi-
cation No. He1 5(1993)-102222).

However, 11 the relay member, such as a silicon interposer,
1s used, i1t causes a problem of increasing the cost in the
designing and manufacturing of the relay member.

Japanese Unexamined Patent Publication No. 2008-
1’77265 proposes a system for shaping the wiring coupling by
providing relay members respectively between bonding pads
and inner leads of a semiconductor device. For this relay
member, there has been proposed a system for forming the
member by stacking an electrically conducting layer on the
surface of the semiconductor device. In this case, aproblem 1s
an increase 1n the cost of designing and manufacturing it.

SUMMARY

To solve the above problem, there 1s provided a semicon-
ductor device which can easily achieve wiring coupling
between chips using a simple structure.
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2

Other tasks and new features will be obvious from the
descriptions of the present specification and attached draw-
Ings.

According to an embodiment, there 1s provided a semicon-
ductor device which includes a first semiconductor and sec-
ond semiconductor chips mounted on a package substrate.
The first semiconductor chip includes a plurality of first bond-
ing pads which are arranged along one side of the first semi-
conductor chup. The second semiconductor chip includes a
plurality of second bonding pads and at least one third bond-
ing pad. The second bonding pads are arranged along one side
of the second semiconductor chip and for coupling respec-
tively to the first bonding pads by wire-bonding coupling. The
at least one third bonding pad 1s for enabling relay coupling of
a corresponding second bonding pad to at least one predeter-
mined first bonding pad which i1s arranged along the second
bonding pads and included 1n the first bonding pads without
crossing another wire in the wire-bonding coupling.

According to an embodiment, the above structure easily
enables the wiring coupling between the chips using a simple
structure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram for explaiming a structure of a semi-
conductor device 1 according to a First Embodiment.

FI1G. 2 1s another diagram for explaining the structure o the
semiconductor device 1 according to the First Embodiment.

FIG. 3 1s a diagram for explaining a semiconductor device
as a comparative example 1 to be compared with the semi-
conductor device 1 according to the First Embodiment.

FIG. 4 1s a diagram for explaining a semiconductor device
as a comparative example 2 to be compared with the semi-
conductor device 1 according to the First Embodiment.

FIG. 5 15 a diagram for explaining another semiconductor
device as a comparative example 3 to be compared with the
semiconductor device according to the First Embodiment.

FIG. 6 1s a diagram for explaining wire-bonding coupling
of the semiconductor device according to the First Embodi-
ment.

FIG. 7 1s a diagram for explaining another wire-bonding
coupling of the semiconductor device 1 according to the First
Embodiment.

FIG. 8 1s a diagram for explaining wire-bonding coupling
of the semiconductor device 1 according to a modification of
the First Embodiment.

FIG. 9 1s a diagram for explaining wire-bonding coupling
of the semiconductor device 1 according to a Second Embodi-
ment.

FIG. 101s a diagram for explaining wire-bonding coupling,
of a semiconductor device 1 according to a modification of
the Second Embodiment.

FIG. 11 1s a diagram for explaining wire-bonding coupling,
of a semiconductor device 1 according to a Third Embodi-
ment.

DETAILED DESCRIPTION

Preferred embodiments of the present invention will now
specifically be described with reference to the drawings. The
same or corresponding parts 1n the drawings will be identified
with the same reference numerals, and will not repeatedly be

described.

First Embodiment

FIG. 1 1s a diagram for explaiming a structure of a semi-
conductor device 1 according to a First Embodiment.
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In the 1llustration of FIG. 1, 1n this embodiment, the semi-
conductor device 1 1s viewed from the upper surface. The
semiconductor device 1 1s a System In Package (SIP) with a
plurality of semiconductor chips mounted thereon.

In this embodiment, descriptions will be made to a first
semiconductor chip and a second semiconductor chip as the
plurality of semiconductor chips by way of example. In this
embodiment, the first semiconductor chip 1s a memory chip
including a storage device. The second semiconductor chip 1s
a logic chip including a logic circuit which executes a prede-
termined calculation process.

In this case, the semiconductor device 1 includes a package
substrate PK1, a semiconductor chip CPA stacked on an
upper layer of this package substrate PK1, and a semiconduc-
tor chip MX stacked on an upper layer of the semiconductor
chip CPA.

In each of the package substrate PK1 and the semiconduc-
tor chups CPA and MX, a plurality of bonding pads PD are
provided for wire-bonding coupling. The 1llustration 1s made
on a state before the wire-bonding coupling 1s made.

FI1G. 2 1s another diagram for explaining a structure of the
semiconductor device according to the First Embodiment. In
the 1llustration of FIG. 2, 1n this embodiment, the semicon-
ductor device 1 1s viewed from the side surface.

The semiconductor device 1 includes a package substrate
PK1, a semiconductor chip CPA stacked on an upper surface
of this package substrate PK1, and a semiconductor chip MX
stacked on an upper layer of the semiconductor chip CPA.

The package substrate PK1 and the semiconductor chip
CPA are coupled by wire bonding. The semiconductor chip
CPA and the semiconductor chip MX are coupled by wire
bonding.

As aresult, wiring coupling 1s achieved between the chips,
thus enabling to realize a desired semiconductor device.

FI1G. 3 1s a diagram for explaining a semiconductor device
as a comparative example 1 to be compared with the semi-
conductor device 1 according to the First Embodiment.

As illustrated 1n FIG. 3, a semiconductor chip 100 includes
bonding pads PD for voltages VDD and VSS, data D0 to D7,
and a control signal CTL.

Similarly, a semiconductor chip 104 and a package sub-
strate 106 1include bonding pads PD for voltages for voltages
VDD and VSS, data D0 to D7, and a control signal CTL.

The wire-bonding coupling is a technique for coupling the
corresponding bonding pads between the chips by wire
(lead).

As 1llustrated 1n this embodiment, the semiconductor chip
104 has a plurality of bonding pads corresponding to the
plurality of bonding pads of the semiconductor chip 100
which transmits and receives signals to and from other chips
through wire bonding coupling. Further, the semiconductor
chip 104 has a plurality of bonding pads corresponding to a
plurality of bonding pads of the package substrate 106 which
transmits and recerves signals to and from other chips through
wire bonding coupling.

The bonding pad corresponding to the signal D0 of the
semiconductor chip and the bonding pad corresponding to the
signal D0 of the semiconductor chip 104 are coupled by wire
bonding. The bonding pad corresponding to the signal D0 of
the semiconductor chip 104 and the bonding pad correspond-
ing to the signal DO of the package substrate 106 are coupled
by wire bonding. The same applies to those bonding pads
corresponding to other signals. In the illustrated case, the
bonding pads corresponding to the voltages VDD and VSS
are shared in the semiconductor chip 104.
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4

In the 1llustrated case, the same signal array of the bonding,
pads PD 1s applied 1n the semiconductor chip 100, the semi-
conductor chip 104, and the package substrate 106.

In this structure, the plurality of wires for the wire-bonding
coupling enable the coupling of the opposed corresponding
bonding pads without crossing each other.

FIG. 4 1s a diagram for explaining a semiconductor device
as a comparative example 2 to be explained with the semi-
conductor device 1 according to the First Embodiment.

As a comparison with the semiconductor device of FIG. 3,
FIG. 4 1illustrates a case where the semiconductor chip 100
has been changed to a semiconductor chip 101.

As seen from this illustration, 1n the semiconductor chip
101, positions of the bonding pads corresponding to the volt-
ages VDD and VSS differ from those of the semiconductor
chip 100. Specifically, 1n the illustrated case, the positions of
the bonding pads corresponding to the voltages VDD and
VSS are switched. In the structure of the semiconductor
device in the comparative example 2, the positional relation-
ship of the bonding pad for the voltage VDD and the bonding
pad for the voltage VSS has been changed. Thus, when the
wire-bonding coupling 1s achieved 1n accordance with a nor-
mal technique, they cross other wires. In this structure,
because the wires may possibly be short-circuited, some
change needs to be made 1n the design. That 1s, to correspond
to the signal array of the bonding pads of the semiconductor
chip 101, it 1s necessary to change the signal arrays of the
bonding pads of the semiconductor chip 104 and the package
substrate 106 in accordance with the pattern of the semicon-
ductor chip 101. This involves a change 1n the manufacturing
processes, and causes an increase 1n the cost.

FIG. 5 1s a diagram for explaining another semiconductor
device as a comparative example 3 to be compared with the
semiconductor device 1 according to the First Embodiment.

As a comparison with the semiconductor device of FIG. 3,
FIG. 5 illustrates a case where the semiconductor chip 100
has been changed to a semiconductor chip 102.

As 1llustrated, in the semiconductor chip 102, positions of
the bonding pads for the voltages VDD and VSS differ from
those of the semiconductor chup 100. Specifically, i the
illustrated case, the bonding pads for the voltages VDD and
VSS are provided near the center of one side of the semicon-
ductor device 1.

In the structure of the semiconductor device 1n the com-
parative example 3, the positional relationship of the bonding
pad for the voltage VDD and the bonding pad for the voltage
VSS has been changed. Thus, if the wire-bonding coupling 1s
made accordance with a normal technique, they cross other
wires. In this structure, the wire may possibly be short-cir-
cuited. Thus, 1t 1s necessary to change the design. That 1s, to
correspond to the signal array of the bonding pads of the
semiconductor chip 102, it 1s necessary to change the signal
arrays of the bonding pads of the semiconductor chip 104 and
the package substrate 106 1n accordance with the pattern of
the semiconductor chip 102. This ivolves a change in the
manufacturing process, and causes an 1crease in the cost.

Descriptions will now be made to a technique for wire-
bonding coupling of the semiconductor device 1 according to
the First Embodiment.

FIG. 6 1s a diagram for explaining the wire-bonding cou-
pling of the semiconductor device 1 according to the First
Embodiment.

As 1llustrated in FIG. 6, the semiconductor chip MX
includes bonding pads PD for voltages VDD and VSS, data
D0 to D7, and a control signal CTL.

In this embodiment, the signal array 1s made along one side
of the semiconductor chip, sequentially in the order of the
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voltage VSS, the data D0 to D7, the control signal CTL, and
the voltage VDD. This semiconductor chip MX has the same
signal array as that of the semiconductor chip 101.

The signal array of the bonding pads PD 1s the same signal
array as that of the semiconductor chip CPA and the package
substrate PK1. In the 1llustration, the signal array 1s the same
as that of the semiconductor chips 104 and 106.

In this structure, the wire bonding coupling between the
semiconductor chip CPA and the package substrate PK1 can
be achieved by coupling the opposed corresponding bonding,
pads by wire.

The semiconductor chip CPA and the semiconductor chip
MX are coupled by wire bonding through bonding pads for
enabling relay coupling.

In this embodiment, two bonding pads MT1 and MT2, as
bonding pads for enabling relay coupling, are arranged along
the plurality of bonding pads PD arranged along one side of
the semiconductor chip. The bonding pads MT1 and MT12 are
used 1n a metal wiring layer on the same layer as that of the
bonding pads for other signals. The bonding pads MT1 and
MT2 are arranged parallelly along the plurality of bonding
pads PD arranged along one side of the semiconductor chip.

In this embodiment, the bonding pad MT1 1s used as a
bonding pad for relaying the voltage VSS. The bonding pad
MT2 1s used as a bonding pad for relaying the voltage VDD.

Specifically, the bonding pad for the voltage VSS in the
semiconductor chip 1s coupled to the bonding pad MT1 by
wire bonding. The bonding pad MT1 1s coupled to the bond-
ing pad for the voltage VSS 1n the semiconductor chip CPA by
wire bonding, and then coupled to the bonding pad for the
voltage VSS corresponding to the package substrate PK1 by
wire bonding.

It 1s possible to achieve the wiring coupling without cross-
ing other wires, by achieving the wire-bonding coupling
through the bonding pads for relaying.

The bonding pad for the voltage VDD 1n the semiconductor
chip MX 1s coupled to the bonding pad M T2 by wire bonding.
The bonding pad MT2 is coupled to the bonding pad for the
voltage VDD 1n the semiconductor chip CPA by wire bond-
ing, and then coupled to the bonding pad for the voltage VDD
corresponding to the package substrate PK1 by wire bonding.

It 1s possible to achieve the wiring coupling without cross-
ing other wires, by achieving the wire-bonding coupling
through the bonding wire for relaying.

There 1s no need to make the wiring coupling 1n a state of
crossing other wires (wire) by this wire bonding coupling,
and 1t 1s possible to achieve the wiring coupling using a simple
technique without changing the design.

The bonding pads MT1 and MT2 provided 1n the semicon-

ductor chip CPA may be used in a metal wiring layer on the
same layer as that of the bonding pads for other signals. Thus,
there 1s no need to change (add) the manufacturing processes
for manufacturing the bonding pads MT1 and M12, and 1t 1s
possible to suppress an increase in the cost and achieve the
wire-bonding coupling using a simple technique.

FIG. 7 1s a diagram for explaining another wire-bonding,
coupling of the semiconductor device 1 according to this First
Embodiment.

Asillustrated in FIG. 7, a semiconductor chip MY includes
bonding pads PD for voltages VDD and VSS, data D0 to D7,
and a control signal CTL.

In this embodiment, the signal array 1s made along one side
of the semiconductor chip, sequentially 1n the order of the
data D0 to D3, the voltage VDD, the voltage VSS, the data D4
to D7, and the control signal CTL. This semiconductor chip
MY has the same signal array as that of the semiconductor

chip 102.
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6

The signal array of the bonding pads PD 1s the same as that
of the semiconductor chip CPA and the package substrate

PK1. In the illustrated case, the, signal array 1s the same as
that of the semiconductor chips 104 and 106.

In this structure, the wire-bonding coupling between the
semiconductor chip CPA and the package substrate PK1 can
be achieved by coupling the opposed corresponding bonding
pads with each other by wire.

The semiconductor chip CPA and the semiconductor chip
MX are coupled by wire bonding through the bonding pads
for enabling relay coupling.

In this embodiment, as the bonding pads for enabling relay
coupling, two bonding pads MT1 and MT2 are arranged
along the plurality of bonding pads PD arranged along one
side of the semiconductor chip.

In this embodiment, the bonding pad MT1 is used as a
bonding pad for relaying the voltage VDD. The bonding pad
MT2 1s used as a bonding pad for relaying the voltage VSS.

Specifically, the bonding pad for the voltage VDD 1n the
semiconductor chip MY 1is coupled to the bonding pad MT1
by wire bonding. The bonding pad MT1 1s coupled to the
bonding pad of the semiconductor chip CPA by wire bonding,
and then coupled to the bonding pad for the voltage VDD of
the package substrate PK1 by wire bonding.

It 1s possible to achieve wiring coupling without crossing,
other wires, by achieving the wire bonding coupling through
the bonding pad for relaying.

The bonding pad for the voltage VSS of the semiconductor
chip MY 1s coupled to the bonding pad M T2 by wire bonding.
The bonding pad MT2 1s coupled to the bonding pad for the
voltage VSS of the semiconductor chip CPA by wire bonding,
and then coupled to the bonding pad for the voltage VSS of the
package substrate PK1 by wire bonding.

It 1s possible to achieve the wiring coupling without cross-
ing other wires, by achieving the wire-bonding coupling
through the bonding pad for relaying.

There 1s no need to make the wiring coupling 1n a state of
crossing other wires by this wire-bonding coupling, and it 1s
possible to achieve the wiring coupling using a simple tech-
nique without changing the design.

The bonding pads MT1 and MT2 provided 1n the semicon-
ductor chip CPA may be used in a metal wiring layer on the
same layer as that of the bonding pads for other signals. Thus,
there 1s no need to change (add) the manufacturing processes
for manufacturing the bonding pads MT1 and M12, and 1t 1s
possible to suppress an increase in the cost and achieve the
wire-bonding coupling using a simple technique.

Modification

In the above, the descriptions have been made to the case
where the two bonding pads MT1 and M12 are used. How-
ever, this number 1s not limited to two, and a plurality of
bonding pads can be used.

FIG. 8 1s a diagram for explaining the wire-bonding cou-
pling of the semiconductor device 1 according to the modifi-
cation of the First Embodiment.

As 1llustrated in FIG. 8, a semiconductor chip MZ includes
bonding pads PD for voltages VDD and VSS, data D0 to D7,
and a control signal CTL.

In this embodiment, the signal array 1s made along one

side, sequentially 1n the order of the control signal CTL, the
data D0 to D3, the voltage VDD, the voltage VSS, and the data

D4 to D7.

In the illustrated case, the signal array of the bonding pads
PD 1s the same as that 1n the semiconductor chip CPA and the
package substrate PK1.
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In this structure, the wire-bonding coupling between the
semiconductor chip CPA and the package substrate PK1 can
be achieved by coupling the opposed corresponding bonding
pads with each other by wire.

The semiconductor chip CPA and the semiconductor chip 5
MZ. are coupled by wire bonding through bonding pads for
enabling relay coupling.

In this embodiment, as bonding pads for enabling relay
coupling, three bonding pads MT11, MT2, and MT2# are
arranged along a plurality of bonding pads PD arranged along 10
one side of the semiconductor chip. The bonding pads MT1,
MT2, and M'T2# are used 1in a metal wiring layer on the same
layer as that of the bonding pads for other signals.

In this embodiment, the bonding pad MT1 1s used as a
bonding pad for relaying the control signal CTL. The bonding 15
pad MT2 1s used as a bonding pad for relaying the voltage
VDD. The bonding pad MT2# 1s used as a bonding pad for
relaying the voltage VSS.

Specifically, the bonding pad for the control signal CTL 1n
the semiconductor chip MZ 1s coupled to the bonding pad 20
MT1 by wire bonding. The bonding pad MT11 is coupled to
the bonding pad for the control signal CTL in the semicon-
ductor chip CPA by wire bonding. The bonding pad for the
control signal CTL of the semiconductor chip CPA 1s coupled
to the bonding pad for the control signal CTL corresponding 25
to the package substrate PK1 by wire bonding.

The bonding pad for the voltage VDD 1n the semiconductor
chip MZ 1s coupled to the bonding pad M T2 by wire bonding.
The bonding pad MT2 1s coupled to the bonding pad for the
voltage VDD 1n the semiconductor chip CPA by wire bond- 30
ing, and then coupled to the bonding pad for the voltage VDD
corresponding to the package substrate PK1 by wire bonding.

The bonding pad for the voltage VSS 1n the semiconductor
chip MZ 1s coupled to the bonding pad MT2# by wire bond-
ing. The bonding pad M12# 1s coupled to the bonding pad for 35
the voltage VSS 1n the semiconductor chip CPA by wire
bonding, and then coupled to the bonding pad for the voltage
VSS corresponding to the package substrate PK1 by wire
bonding.

It 1s possible to achieve the wiring coupling without cross- 40
ing other wires, by making the wiring-bonding coupling
through the bonding pad for relaying.

There 1s no need to make the wiring coupling 1n a state of
crossing other wires by this wire-bonding coupling, and it 1s
possible to achieve the wiring coupling using a simple tech- 45
nique without changing the design.

The bonding pads MT1, M12, and MT2# provided 1n the
semiconductor chip CPA may be used 1n a metal wiring layer
on the same layer as that of the bonding pads for other signals.
Thus, there 1s no need to change (add) the manufacturing 50
processes for manufacturing the bonding pads MT1 and
MT2, and it 1s possible to suppress an increase in the cost and
achieve the wire-bonding coupled using a simple technique.

At this point, the bonding pads M12 and MT2# are
arranged 1n series along the plurality of bonding pads PD 55
arranged along one side of the semiconductor chip.

In a manufacturing process, a region between the bonding,
pads MT12 and MT2# (an electrically insulated part) 1s
masked not to form a metal layer. This enables easy formation
of the bonding pads by the design without forming the metal 60
layer in the masked part.

In this embodiment, the descriptions have been made to the
case where the three bonding pads MT1, MT2, and MT2# are
arranged along the plurality of bonding pads PD arranged
along one side of the semiconductor chip. However, not lim- 65
ited to this, 1t 1s possible to arrange further more bonding
pads.
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Second Embodiment

In this above-described First Embodiment, the descriptions
have been made to the case where the positions of the bonding
pads for the voltages VDD and VSS of the semiconductor
chip MX differ between the semiconductor chip CPA and the
package substrate PK1. Descriptions will now be made to a
case where the position of the bonding pad for the control
signal CTL differs from those in the semiconductor chip CPA
and the package substrate PK1.

FIG. 9 1s a diagram for explaining the wire-bonding cou-
pling of the semiconductor device 1 according to the Second
Embodiment.

As 1llustrated 1mn FIG. 9, the semiconductor chip MX#
includes bonding pads PD for voltages VDD and VSS, data
D0 to D7, and a control signal CTL.

In this embodiment, the signal array 1s made along one
side, sequentially 1n the order of the voltage VSS, the control
signal C'TL, the data D0 to D7, and the voltage VDD.

The signal array of the bonding pads PD 1s substantially the
same as that 1n the semiconductor chip CPA and the package
substrate PK1, and also the same as that of the semiconductor
chips 104 and 106.

In this structure, the wire-bonding coupling between the
semiconductor chip CPA and the package substrate PK1 can
be achieved by coupling the opposed corresponding bonding
pads with each other by wire.

The semiconductor chip CPA and the semiconductor chip
MX# are coupled with each other by wire, through bonding
pads for enabling relay coupling.

In this embodiment, as bonding pads for enabling relay
coupling, two bonding pads MT1 and MT2 are arranged
along the plurality of bonding pads PD.

The bonding pad M'T1 1s used as a bonding pad for relaying,
the control signal CTL. The bonding pad M12 1s used as a
bonding pad for relaying the voltage VDD.

In the 1llustrated case, for the wire-bonding coupling with
the bonding pad for the voltage VSS of the semiconductor
chip MX#, on the side of the package substrate PK1, the
coupling 1s made by extending the bonding pad, for enabling

the wire-bonding coupling with the semiconductor chip MX#
1in a position not crossing other wires.

The bonding pad for the control signal CTL of the semi-
conductor chip MX# 1s coupled to the bonding pad MT1 by
wire bonding, while the bonding pad MT1 is coupled to the
bonding pad for the control signal CTL of the package sub-
strate PK1 by wire bonding.

The bonding pad for the voltage VDD of the semiconductor
chip MX# 1s coupled to the bonding pad M'12 by wire bond-
ing, while the bonding pad M'T2 1s coupled to the bonding pad
for the voltage VDD of the package substrate PK1 by wire
bonding.

There 1s no need to make the wiring coupling while cross-
ing other wires by the wire bonding coupling, and 1t 1s pos-
sible to achieve the wiring coupling using a simple technique
without changing the design.

In this structure, because the arrangements of the three
bonding pads for the voltages VDD and VSS and the control
signal CTL of the semiconductor chip MX# differ from one
another, three bonding pads are necessary for enabling the
relay coupling. However, by extending the bonding pad for
the voltage VSS 1n the package substrate PK1, 1t 1s possible to
suppress an increase in the cost and achieve the wire-bonding,
coupling using a simple technique, without performing an
additional manufacturing process.
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Modification

FIG. 10 1s a diagram for explaining the wire-bonding cou-
pling of the semiconductor device 1 according to a modifica-
tion of the Second Embodiment.

As 1llustrated 1n FIG. 10, the semiconductor chip MX#
includes bonding pads PD for voltages VDD and VSS, data
D0 to D7, and a control signal CTL.

In this embodiment, the signal array 1s made along one
side, sequentially 1n the order of the voltage VSS, the control
signal CTL, the data D0 to D7, and the voltage VDD.

In the 1llustrated case, the signal array of the bonding pads
PD is substantially the same s1gnal array 1n the semiconductor
chip CPA and the package substrate PK1, and 1s the same as
that 1n the semiconductor chips 104 and 106.

In this structure, the wire-bonding coupling of the semi-
conductor chip CPA and the package substrate PK1 can be
achieved by coupling the opposed corresponding bonding
pads by wire.

The semiconductor chip CPA and the semiconductor chip
MX# are coupled by wire bonding through bonding pads for
enabling relay coupling.

In this embodiment, as bonding pads for enabling relay
coupling, three bonding pads MT11, MT2, and MT2# are
arranged along a plurality of bonding pads PD.

The bonding pad MT1 1s used as a bonding pad for relaying
the control signal CTL. The bonding pad MT2 1s used as a
bonding pad for relaying the voltage VSS . The bonding pad
MT2# 1s used as a bonding pad for relaying the voltage VDD.

The bonding pad for the control signal CTL of the semi-
conductor chip MX# 1s coupled to the bonding pad MT1 by
wire bonding. The bonding pad MT1 1s coupled to the bond-
ing pad for the control signal CTL of the semiconductor chip
by wire bonding, and then coupled to the bonding pad for the
control signal CTL of the package substrate PK1 by wire
bonding.

The bonding pad for the voltage VDD of the semiconductor
chip MX# 1s coupled to the bonding pad MT2# by wire
bonding. The bonding pad MT12# 1s coupled to the bonding,
pad for the voltage VDD of the semiconductor chip by wire
bonding, and then coupled to the bonding pad for the voltage
VDD of the package substrate PK1 by wire bonding.

The bonding pad for the voltage VSS of the semiconductor
chip MX# 1s coupled to the bonding pad M12 by wire bond-
ing. The bonding pad M2 1s coupled to the bonding pad for
the voltage VSS of the semiconductor chip by wire bonding,
and then coupled to the bonding pad for the voltage VSS of the
package substrate PK1 by wire bonding.

There 1s no need to make the wiring coupling 1n a state of
crossing other wires by this wire bonding coupling, and it 1s
possible to achieve the wiring coupling using a simple tech-
nique without changing the design. The bonding pads MT1,
MT2, and MT2# provided in the semiconductor chip CPA
may be used the metal wiring layer on the same layer as the
bonding pads for other signals. Thus, there 1s no need to
change (add) the manufacturing processes for manufacturing
the bonding pads MT1 and MT2, and 1t1s possible to suppress
an 1ncrease 1n the cost and make the wire-bonding coupling
using a simple technique.

As compared with the structure of the above Second

Embodiment, there 1s no need to make the wire coupling
directly between the bonding pad for the voltage VSS of the
semiconductor chip MX# and the bonding pad for the voltage
VSS of the package substrate PK1. The relaying i1s done
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through the bonding pad MT2. Thus, i1t enables to shorten the
wire length and facilitates the loop control.

Third Embodiment

The above descriptions have been made to the case where
the positions of the bonding pads for the voltages VDD and
VSS of the semiconductor chip MX stacked on the upper
layer differ from the semiconductor chip CPA and the pack-
age substrate PK1. In the Third Embodiment, descriptions
will now be made to a case where positions of the bonding
pads of the semiconductor chip are different from others, in
the intermediate position.

FIG. 11 15 a diagram for explaining the wire-bonding cou-

pling of the semiconductor device 1 according to the Third
Embodiment.

As 1llustrated mm FIG. 11, a semiconductor chip MP
includes bonding pads PD for voltages VDD and VSS, data
D0 to D7, and a control signal CTL.

In this embodiment, the signal array 1s made along one
side, sequentially in the order of the voltage VDD, the data D0
to D7, the control signal CTL, the voltage VSS.

In the 1llustrated case, the signal array of the bonding pads
PD is the same signal array in the semiconductor chip MP and
the package substrate PK1, but the signal array of a semicon-
ductor chip CPA# 1s different therefrom.

The semiconductor chip CPA# includes bonding pads PD
for voltages VDD and VSS, data D0 to D7, and a control
signal CTL.

In this embodiment, the signal array 1s made along one
side, sequentially 1n the order of the voltage VSS, the data D0
to D7, the control signal CTL, and the voltage VDD.

In this structure, the wire-bonding coupling between the
semiconductor chip CPA# and the package substrate PK1 can
be achieved by coupling the opposed corresponding bonding
pads.

The wire-bonding coupling between the semiconductor
chip CPA# and the semiconductor chip MP can be achieved
by coupling the opposed corresponding bonding pads with
cach other.

A part of the bonding pads are coupled by wire bonding
through the bonding pads for enabling relay coupling.

In this embodiment, as the bonding pads for enabling relay-
ing, two bonding pads MT1 and M12 are arranged along the
plurality of bonding pads PD.

The bonding pad MT1 1s used as a bonding pad forrelaying
the voltage VDD. The bonding pad MT2 1s used as a bonding
pad for relaying a voltage VSS.

Specifically, the bonding pad for the voltage VDD in the
semiconductor chip MP 1s coupled to the bonding pad MT1
by wire bonding. The bonding pad MT1 1s coupled to the
bonding pad for the voltage VDD of the semiconductor chip
CPA# by wire bonding, and then coupled to a corresponding
bonding pad for the voltage VDD in the package substrate
PK1 by wire bonding.

The bonding pad for the voltage VSS 1n the semiconductor
chip MP 1s coupled to the bonding pad M12 by wire bonding.
The boding pad M12 is coupled to the bonding pad for the
voltage VDD 1n the package substrate PK1 by wire bonding,
and then coupled to a corresponding bonding pad for the
voltage VSS 1n the semiconductor chip CPA# by wire bond-
ng.

There 1s no need to make the wiring coupling in the state of
crossing other wires by the wire-bonding coupling, and 1t 1s
possible to achieve the wiring coupling using a simple tech-
nique without changing the design.
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The bonding pads MT1 and MT2 provided 1n the semicon-
ductor chip CPA may be used in the metal wiring layer on the
same layer as those bonding pads for other signals. Thus, this
1s no need to change (add) the manufacturing processes for
manufacturing the bonding pads MT1 and MT2, and 1t 1s 5
possible to suppress an increase 1n the cost and achieve the
wire-bonding coupling using a simple technique.

The above descriptions have been made to a stack type SIP
in which the first and second semiconductor devices are
stacked onto the package substrate. However, it 1s not limited 10
to the stack type SIPs, and 1s applicable similarly to planar
arranged SIPs arranged on the same plane or SIPs using any
of these.

In the above-described embodiments, the descriptions
have been made to the case where mainly two bonding pads 15
MT1 and MT2 are arranged along one side of the semicon-
ductor chip. However, one bonding pad 1s possible, or a
plurality of bonding pads 1s possibly provided. The bonding
pads may be provided along one side out of four sides of the
semiconductor chip, or may be provided respectively along 20
the sides thereof.

In the embodiments, the descriptions have been made to the
structure 1n which bonding pads for relaying are arranged
between the plurality of bonding pads of the first semicon-
ductor chip and the plurality of bonding pads of the second 25
semiconductor chip. However, 1t 1s not limited to this struc-
ture. For example, 1n a possible structure, the bonding pads
for relaying may be arranged between the plurality of bond-
ing pads of the package substrate and the plurality of bonding
pads of the second semiconductor chip, and 1ts arrangement1s 30
not particularly limited.

Accordingly, the mnventions of the present inventors have
specifically been described based on the preferred embodi-
ments. However, the present invention i1s not limited to the
preferred embodiments, and, needless to say, various changes 35
may be made thereto without departing from the scope of the
subject matter.

What 1s claimed 1s:

1. A semiconductor device comprising:

a first semiconductor and second semiconductor chips 40

mounted over a package substrate, and

wherein the first sesmiconductor chip includes a plurality of

first bonding pads which are arranged along one side of
the first semiconductor chip, and

the second semiconductor chip includes 45

a plurality of second bonding pads which are arranged

along one side of the second semiconductor chip and for
coupling respectively to the first bonding pads by wire-
bonding coupling and

at least one third bonding pad for enabling relay coupling 50

of a corresponding second bonding pad to at least one

12

predetermined first bonding pad which 1s arranged along
the second bonding pads and included 1n the first bond-
ing pads without crossing another wire in the wire-bond-
ing coupling.

2. The semiconductor device according to claim 1,

wherein each of the first bonding pads includes a signal
pad.

3. The semiconductor device according to claim 1, com-

prising:

a first and second semiconductor chips mounted over a
package substrate, and

wherein the first semiconductor chip includes the first
bonding pads arranged along one side of the first semi-
conductor chip,

the package substrate 1s arranged along one side of the
substrate, and includes second bonding pads to be
coupled to the first bonding pads by wire-bonding cou-
pling, and

the second semiconductor chip includes at least one third
bonding pad for enabling relay coupling of a corre-
sponding second bonding pad by wire-bonding coupling,
to at least one predetermined first bonding pad arranged
along the second bonding pads and included 1n the first
bonding pads without crossing another wire 1n the wire-
bonding coupling.

4. The semiconductor device according to claim 2,

wherein each of the first bonding pads includes a power
source pad.

5. The semiconductor device according to claim 1,

wherein the at least one third bonding pad is arranged
between the first bonding pads and the second bonding
pads.

6. The semiconductor device according to claim 1,

wherein the third bonding pad includes the third bonding
pads, and

the third bonding pads are arranged parallelly along the
second bonding pads.

7. The semiconductor device according to claim 1,

wherein the third bonding pad includes the third bonding
pads, and

the third bonding pads are arranged in series along the
second bonding pads.

8. The semiconductor device according to claim 1,

wherein the first semiconductor chip includes a memory
chip having a storage cell storing data.

9. The semiconductor device according to claim 1,

wherein the second semiconductor chip includes a logical
chip having a logic circuit.
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